Cases of Legionnaires' disease associated with biological treatment plants (BTPs) have been reported in six countries between 1997 and 2010. However, knowledge about the occurrence of Legionella in BTPs is scarce. Hence, we undertook a qualitative and quantitative screening for Legionella in BTPs treating waste water from municipalities and industries in Norway, to assess the transmission potential of Legionella from these installations. Thirty-three plants from different industries were sampled four times within 1 year. By cultivation, 21 (16%) of 130 analyses were positive for Legionella species and 12 (9%) of 130 analyses were positive for Legionella pneumophila. By quantitative realtime polymerase chain reaction (PCR), 433 (99%) of 437 analyses were positive for Legionella species and 218 (46%) of 470 analyses were positive for L. pneumophila. This survey indicates that PCR could be the preferable method for detection of Legionella in samples from BTPs. Sequence types of L.
Legionella in BTPs is scarce. Hence, we undertook a qualitative and quantitative screening of Legionella from BTPs treating waste water from municipalities and industries in Norway, to assess the transmission potential of Legionella from these installations.
MATERIALS AND METHODS

Characteristics of waste water treatment plants
Our investigation included 33 treatment plants from different industries: eight municipal sewage treatment (MST) plants, eight from dairies, nine from petrochemical industries, four from wood processing industries and four from other kinds of industry. Other kinds of industry included one factory for production of chemicals for wood processing and the oil industry, one company producing silicon wafers for solar panels, one factory producing marine omega-3derived pharmaceuticals and one factory producing potato chips. There were considerable differences in construction and size among the plants, ranging from open ponds with a surface area of 1,000 m 2 to completely covered indoor units of 10-50 m 2 . Key data for each plant, such as detention time and oxygen concentration in the aeration ponds, sludge age, sludge concentration and sludge load were also collected, but the quality of the information was not sufficient for statistical analysis of the correlation between different plant parameters and Legionella content. Most plants were 'activated sludge' units with free floating sludge, and the others were mainly based on the 'moving bed' principle, with the bacteria in a fixed biofilm on plastic particles circulating in the waste water plant.
Municipal sewage
All eight treatment plants had both biological and chemical treatment processes, but for some of the plants the chemical step did not affect the water quality at the sampling point, either because the samples were taken before the chemical treatment step or because of no re-circulation of chemically treated water back to the biological treatment step. Five plants had nitrogen removal by de-nitrification. Typical sewage temperatures varied between 7 and 15 W C depending on the season. pH values were between 4.9 and 7.9. Average detention time in the aeration ponds was between 1 and 6 hours.
Dairies
All eight treatment plants had only biological treatment, and all except one were activated sludge units. Typical sewage temperatures were between 20 and 30 W C. pH values were between 5.3 and 8.0. Average detention time in the activated sludge ponds was between 24 and 74 hours.
Petrochemical industry (PI)
The nine plants had different kinds of biological treatment processes, and some had additional chemical treatment.
Typical sewage temperatures were between 25 and 35 W C.
pH values were between 6.5 and 9.1. Average detention time in the aeration ponds was between 11 and 72 hours.
Wood processing industry (WPI)
The four plants had biological treatment based on 'activated sludge' reactors. One plant pre-treated part of the sewage anaerobically before the aerobic step. Typical sewage temperatures were between 35 and 40 W C. pH values were between 7.0 and 7.8. Average detention time in the aeration ponds was between 20 and 68 hours.
Other industries
The factory for production of chemicals for wood processing and the oil industry, the factory for producing wafers and the factory producing potato chips all used 'activated sludge'
reactors. The factory producing omega-3-derived pharmaceuticals used a 'moving bed' reactor. Sewage temperatures were below 20 W C in the sewage from the chips-producing factory. However, some samples did not exhibit valid amplification reactions after dilution, and thus no results could be obtained.
In addition, some of the quantification results showed obviously divergent values, mostly due to misshaped amplification curves, and the results were then omitted.
Identification of Legionella species
Isolates cultured at Unilabs Laboratoriemedisin AS were subjected to 16S rDNA sequencing to confirm species assignment using the method described by Handal et al.
().
Sequence-based typing L. pneumophila isolates were genotyped by sequencing 7 gene fragments, as described ( However, inhibitors of the PCR analyses were seen in a number of samples from three of the dairy industry plants.
In the treatment plants from petrochemical industries,
Legionella species were detected in 36% of the analyses by cultivation, and 99% by PCR, in some samples also in extremely high, but reproducible concentrations (10 15 GU/L).
The factors contributing to these favourable growth con- MST plants, with average concentrations in the range of 10 6 -10 9 GU/L. Concentrations as high as 10 10 GU/L were detected, which was not expected because the mean water temperature in these plants was below 20 W C, which is far below the optimal growth temperature for Legionella. we did not expect to find any positive samples, so we advised the companies to take more samples over a certain period to give a better background for evaluating the potential risk associated with these systems. The inlet water should also be sampled to be able to evaluate the Legionella content in the incoming waste water. We advise the use of suitable respiratory protection equipment when working in exposed areas in the vicinity of the treatment plants.
Little information exists about
None of the dairy industry plants (DI) showed detectable concentrations of L. pneumophila by cultivation. However, at all eight plants, relatively low concentrations of L. pneumophila were detected by real-time PCR one to four times, in the range 10 3 -10 7 GU/L (Figure 3 ). Since the mean temperature of the water in these plants is about 25 W C, which is known to be favourable for Legionella growth, we would expect to find higher concentrations of Legionella in these plants. Thus, there might be components in the waste water that are inhibiting the growth of Legionella, or the high number of Lactobacillus and other related bacteria present in these waste waters because of the milk content suppresses
Legionella growth. Another reason for negative cultivation results is that the bacterial content in most of the samples is below the detection limit for the cultivation method used.
Of the nine PI plants, L. pneumophila was detected by cultivation in three of them, one to three times, in the seen from Figure 6 the total L. pneumophila content in these samples, displayed by the PCR results, in most cases is below the detection limit for the cultivation method used. Based on these findings, we advise the industries to carry out a risk assessment of the exposure from these plants, for the workers and for exposure to the public. This should also include analysis of Legionella from the inlet and the outlet water from a BTP, as well as air samples.
As a general precaution we recommend the use of suitable respiratory protection equipment for technical staff when working in the vicinity of biological treatment plants unless low exposure risk can be documented.
